Cortical inhibition effect in musicians and non-musicians using P300 with and without contralateral stimulation  by Rabelo, Camila Maia et al.
Braz J Otorhinolaryngol. 2015;81(1):63--70
Brazilian Journal of
OTORHINOLARYNGOLOGY
www.bjorl.org
ORIGINAL ARTICLE
Cortical  inhibition  effect  in  musicians  and
non-musicians using  P300  with  and  without
contralateral stimulation,
Camila Maia Rabelo ∗, Ivone Ferreira Neves-Lobo, Caroline Nunes Rocha-Muniz,
Thalita  Ubiali, Eliane Schochat
Departament  of  Physiotherapy,  Speech  and  Language  Therapy,  Faculdade  de  Medicina,  Universidade  de  São  Paulo  (FMUSP),
São Paulo,  SP,  Brazil
Received  25  July  2013;  accepted  22  July  2014
Available  online  21  November  2014
KEYWORDS
Electrophysiology;
Event-related
potentials,  P300;
Hearing;
Music
Abstract
Introduction:  Musicians  have  more  robust  and  efﬁcient  neural  responses  in  the  cortical  and
sub-cortical  regions,  demonstrating  that  musical  experience  beneﬁts  the  processing  of  both
non-linguistic  and  linguistic  stimuli.
Objective:  This  study  aimed  to  verify  P300’s  latency  and  amplitude  behavioral  using  contralat-
eral stimulation  in  musicians  and  non-musicians.
Methods:  This  was  a  case--control  study.  Subjects  were  divided  in  two  groups:  musicians,  com-
prising 30  professional  musicians,  and  non-musicians,  comprising  25  subjects  without  musical
experience.
Results: The  present  study  showed  that  the  musicians  had  lower  latencies  and  higher  ampli-
tudes than  the  non-musicians  in  the  P300  without  contralateral  noise.  For  the  P300  amplitude
values, the  difference  between  groups  persisted,  and  the  musicians  presented  signiﬁcantly
higher amplitude  values  compared  with  the  non-musicians;  additionally,  the  analysis  of  the
noise effect  on  the  P300  response  showed  that  the  latency  values  were  signiﬁcantly  increased
in the  musicians.
Conclusion:  The  central  auditory  nervous  system  of  musicians  presents  peculiar  characteristics
of electrophysiological  responses  probably  due  to  the  plasticity  imposed  by  musical  practice.
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Efeito  da  inibic¸ão cortical  utilizando  o  P300  em  músicos  e  não  músicos  com  e  sem
estimulac¸ão  contralateral
Resumo
Introduc¸ão:  Os  músicos  possuem  respostas  neurais  mais  robustas  e  eﬁcientes  em  regiões  corti-
cais, mostrando  que  a  experiência  musical  beneﬁcia  o  processamento  de  estímulos  linguísticos
e não  linguísticos.
Objetivo:  Veriﬁcar  como  a  latência  e  a  amplitude  do  P300  se  comporta  usando  estimulac¸ão
contralateral,  em  músicos  e  não  músicos.
Método:  Estudo  de  caso-controle.  Os  indivíduos  foram  divididos  em  dois  grupos:  GM  (grupo  de
músicos) com  30  músicos  proﬁssionais  e  GNM  (grupo  de  não  músicos)  com  25  indivíduos  sem
experiência  musical.
Resultados:  Os  resultados  mostraram  que:  GM  teve  latências  menores  e  amplitudes  maiores  do
que a  GNM  no  P300  sem  ruído  contralateral.  Para  os  valores  de  amplitude  do  P300,  a  diferenc¸a
entre os  grupos  se  manteve,  e  o  GM  apresentou  valores  de  amplitude  signiﬁcativamente  maiores
em comparac¸ão  com  o  GNM;  e  a  análise  do  efeito  do  ruído  sobre  a  resposta  P300  mostrou  que
os valores  de  latência  foram  signiﬁcativamente  maiores  no  GM.
Conclusão:  Concluímos  que  o  sistema  nervoso  auditivo  central  de  músicos  apresenta  caracterís-
ticas peculiares  de  respostas  eletroﬁsiológicas  provavelmente  devido  à  plasticidade  imposta
pela prática  musical.
© 2014  Associac¸ão  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado  por
Elsevier Editora  Ltda.  Todos  os  direitos  reservados.
I
T
s
a
f
H
c
n
m
r
a
n
t
t
o
a
a
l
r
s
b
t
e
d
t
t
t
e
p
o
5
a
i
p
i
c
b
d
c
r
a
a
w
a
g
b
s
t
a
e
i
m
c
t
tntroduction
he  effects  of  musical  experience  on  the  representation  of
ounds  in  the  auditory  cortex  have  been  functionally  and
natomically  observed  in  several  studies.  Anatomical  dif-
erences  were  found  in  various  brain  structures,  such  as  the
eschl’s  gyrus,  the  secondary  auditory  cortex,  the  corpus
allosum,  and  the  temporal  plane  of  musicians.1
A  study  by  Ohnish  et  al.  in  2001,  using  functional  mag-
etic  resonance  imaging  (FMRI),  demonstrated  that  passive
usic  listening  produces  signiﬁcant  activation  in  the  supe-
ior  temporal  and  bilateral  medial  gyrus,  together  known
s  the  auditory  association  cortex,  in  both  musicians  and
on-musicians.  Musicians  show  right  dominant  temporal  cor-
ical  activation,  whereas  non-musicians  show  left  dominant
emporal  cortical  activation.2
Chermak  stated  that,  by  stimulating  different  areas
f  the  brain,  such  as  the  frontal,  temporal,  parietal,
nd  sub-cortical  regions,  music  can  help  improve  several
ttention-related  functions,  including  memory,  learning,
anguage,  and  even  emotional  aspects.3
Several  authors  also  agree  that  musicians  have  more
obust  and  efﬁcient  neural  responses  in  the  cortical  and
ub-cortical  regions,  demonstrating  that  musical  experience
eneﬁts  the  processing  of  both  non-linguistic  and  linguis-
ic  stimuli.  Thus,  musical  training  has  been  a  frequent  and
ffective  resource  in  the  rehabilitation  of  communication
isorders.3--5
Auditory  evoked  potentials  (AEPs)  are  important  tools  in
he  investigation  of  auditory  function  because,  in  addition
o  being  objective  and  noninvasive  tests,  they  are  sensitive
o  plastic  changes  in  the  auditory  pathway  that  result  from
xternal  stimulation.6
r
t
nP300  is  an  endogenous  long-latency  auditory  evoked
otential  (LLAEP)  that  depends  on  the  conscious  response
f  the  individual  and  appears  as  a positive  wave  between
0  and  500  ms  after  acoustic  stimulus  presentation,  with
mplitude  ranging  from  7  to  25  V.  This  potential  is  elicited
n  an  auditory  discrimination  task  termed  ‘‘the  oddball
aradigm’’,  and  is  also  known  as  a  cognitive  potential  as
t  is  used  to  investigate  cognitive  abilities,  such  as  dis-
rimination  and  attention.  The  P300  generators  are  still
eing  investigated,  but  it  is  known  that  P3  is  originated  by
ifferent  structures  not  only  in  the  cortex,  but  also  in  sub-
ortical  regions.  Thus,  it  can  be  said  that  P300  comprises
esponses  from  frontal  and  centro-parietal  cortex,  as  well
s  the  hippocampus.7 There  are  evidences  that  subthalamus
nd  medial  geniculate  body  contributes  to  P300  generation,
ith  some  activities  at  the  orbital  gyrus,  rostral  thalamus,
nd  anterior  commissure.8,9 Moreover,  the  current  investi-
ations  regarding  late  potentials  focus  on  the  relationship
etween  their  characteristics  and  information  processing,
uch  as  codiﬁcation,  memory,  and  decision-making.10
AEP  studies  have  shown  that  the  auditory  cortex  responds
o  sounds  differently  in  musicians  and  non-musicians,11,12
nd  that  the  auditory  cortex  plasticity,  in  relation  to  the
ffects  of  musical  training,  is  higher  when  the  training  begins
n  childhood.2,13 In  2003,  Trainor  et  al.  observed  improve-
ent  in  LLAEPs  after  auditory  musical  training  in  both
hildren  and  adults,  showing  that  music  can  alter  the  audi-
ory  cortical  representation.13 Other  authors  suggest  that
his  type  of  stimulation  can  be  used  as  a  tool  in  auditory
3ehabilitation.
In  2006,  Lopez  et  al.  observed  signiﬁcant  differences  in
he  latency  and  amplitude  values  of  the  potentials  mismatch
egativity  (MMN)  and  P300  between  a  group  of  amateur
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musicians  and  a  group  of  non-musicians  (NMG);  the  group
of  musicians  (MG)  presented  reduced  latencies  and  greater
amplitudes.11
Musacchia  et  al.,  in  2007,  evaluated  the  brainstem  AEPs
in  a  MG,  and  observed  that  they  exhibited  reduced  latencies
and  larger  amplitudes  when  compared  with  a  NMG,  both  for
musical  and  speech  stimuli.5
Even  beyond  sub-cortical  and  cortical  functional
enhancements,  musical  training  may  shape  auditory  func-
tion  in  structures  that  are  as  peripheral  as  the  cochlea;
musicians  demonstrated  a  greater  degree  of  efferent  con-
trol  over  outer  hair  cell  activity  along  the  basilar  membrane
than  non-musicians.14,15 Such  comprehensive  perceptual
and  neural  enhancements  may  be  driven,  at  least  partially,
by  strengthened  cognitive  control  over  basic  auditory
processing,  as  engendered  by  auditory  attention,16--18 two
auditory  cognitive  skills  that  are  enhanced  in  musicians.
Krishnamurti,  in  2001,  observed  the  inﬂuence  of  con-
tralateral  competitive  noise  in  P300  latency  and  amplitude.
According  to  the  author,  the  introduction  of  contralateral
competitive  noise  complicates  the  situation,  increasing  the
difﬁculty  of  P300  discrimination  and  consequently  result-
ing  in  increased  latency  and  decreased  amplitude  of  this
potential.19
Although  behavioral  studies  have  found  similar  effects
in  musicians  and  non-musicians,20 the  results  with  event-
related  potentials  (ERPs)  are  inconsistent.21
Previous  studies  have  demonstrated  the  reduction  of
cochlear  response  -- decreased  amplitude  and  increased
latencies  --  due  to  inhibitory  effect  induced  by  the  pres-
ence  of  noise.  These  changes  in  responses  were  observed
throughout  the  auditory  pathway,  through  assessments  from
the  cochlea  up  to  the  auditory  cortex,22 demonstrating  that
the  auditory  system  of  healthy  individuals  suffers  inhibition
effects  in  the  presence  of  a  competitive  stimulus.
Moreover,  little  is  known  about  the  physiological  mecha-
nisms  that  underlie  the  functioning  of  the  efferent  pathway.
To  investigate  the  positive  effect  of  musical  experience  on
the  auditory  pathway,  this  study  aimed  to  assess  the  latency
and  amplitude  of  P300  cognitive  potential  responses  in  the
presence  and  absence  of  contralateral  noise  in  musicians  and
non-musicians.  This  study  addressed  the  following  research
questions:  Are  there  differences  in  the  latencies  and  ampli-
tudes  of  P300  auditory  ERPs,  with  and  without  contralateral
noise,  between  musicians  and  non-musicians?  Can  contralat-
eral  noise  inhibit  P300  response  in  both  groups?
Methods
The  present  study  was  conducted  at  the  authors’  lab  and
was  approved  by  the  ethics  committee  (No.  0874/07).
Participants
This  was  a  case--control  study  that  included  30  professional
musicians  of  both  genders  who  had  formally  studied  music
since  childhood  or  teenage  years  and  still  practice  some  kind
of  musical  instrument,  between  20  and  53  years  of  age,  who
were  referred  to  as  the  MG.  In  the  control  group,  25  subjects
of  both  genders  without  any  formal  musical  experience,
between  18  and  30  years  of  age,  were  selected  and  were
g
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eferred  to  as  the  NMG.  All  participants  signed  an  informed
onsent.
As  inclusion  criteria,  it  was  established  that  all  of  the  par-
icipants  should  have  hearing  thresholds  within  the  normal
imits  at  frequencies  of  250--8000  Hz,23 which  was  veriﬁed
hrough  pure  tone  audiometry,  and  an  absence  of  hearing
omplaints  and/or  neurological  disorders.  The  difference
etween  the  groups  was  determined  based  on  years  of  musi-
al  experience.
The  procedures  performed  in  the  NMG  and  MG  included
he  following:  P300  with  and  without  contralateral  noise.
300  was  elicited  through  the  Bio-Logic  Traveler  Express
uditory  Evoked  Potential  Machine  (ANSI,  1996),  using  TDH
9  earphones.  To  evaluate  P300,  the  active  electrode  was
ositioned  at  Cz,  the  reference  electrodes  were  positioned
n  the  right  (A2)  and  left  (A1)  mastoids  (a  linked  mastoid
lectrode  regardless  of  ear  of  presentation),  and  the  ground
lectrode  was  positioned  at  Fz.24 A  tone  burst  at  1500  Hz  was
sed  as  deviant  (rare  stimulus),  presented  randomly  with
0%  probability,  mixed  with  a frequent  tone  burst  stimulus
t  1000  Hz  and  presented  with  80%  probability  using  the  odd-
all  paradigm,  70  dB  HL  intensity  and  a  rate  of  one  stimulus
er  second.  Individuals  were  asked  to  verbally  count  the
are  stimuli.  P300  was  identiﬁed  as  the  positive  deﬂection
50--500  ms  after  the  stimulus.
To  verify  the  suppression  effect,  the  test  was  repeated
ith  the  use  of  white  noise  (WN)  in  the  contralateral  ear
ith  the  same  intensity  as  the  tone  burst  (70  dB  HL).  The
N  was  generated  by  Bio-Logic  System.  Suppression  values
or  both  the  latency  and  amplitude  parameters  were  cal-
ulated  by  subtracting  the  value  obtained  with  noise  from
he  value  obtained  without  noise  (latency  value  without
oise  −  latency  value  with  noise).  The  response  suppression
ffect  of  latency  is  inversely  proportional  to  the  amplitude;
hus,  while  the  latency  values  are  expected  to  increase  in
he  presence  of  contralateral  noise,  the  amplitude  values
hould  decrease.
In  the  present  study,  the  examiner  applying  the  test  was
lso  responsible  for  the  analysis  of  its  results;  thus,  this
as  not  a  blind  study.  Although  it  could  be  argued  that
uch  analysis  may  be  inﬂuenced  by  its  subjective  aspects,
he  authors  do  not  believe  this  inﬂuence  undermines  the
btained  results.  When  interference  was  observed  during
he  sweeping,  a  new  sweep  was  performed.
The  intra-  and  inter-group  analyses  were  based  on  the
eriﬁcation  of  the  numerical  values  of  the  latency,  in  ms,
nd  of  the  amplitudes,  in  V,  of  the  P300  in  the  evaluation
ith  and  without  contralateral  noise  and  on  the  comparison
f  the  values  obtained  in  each  situation.  These  data  were
ubjected  to  the  Kolmogorov--Smirnov  test,  and  a  normal
istribution  was  observed  for  all  of  the  datasets.
Subsequently,  in  a  comparison  of  the  mean  latency  and
mplitude  in  both  groups  and  in  both  ears,  analysis  of
ariance  (ANOVA)  was  applied  to  determine  whether  there
ere  signiﬁcant  differences  in  the  latencies  and  amplitudes
f  P300  between  the  MG  and  the  NMG.  Student’s  t-test
or  dependent  samples  was  used  to  compare  the  means
btained  by  the  right  and  left  ears  in  each  group.  For  intra-
roup  analysis  for  the  effect  of  contralateral  noise  on  the
atencies  and  amplitudes  of  P300  within  each  group,  ANOVA
ith  repeated  measures  was  performed.  A  signiﬁcance  level
qual  to  0.05  (5%)  was  adopted.  Statistically  signiﬁcant
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Table  1  Comparison  of  the  P300  latency  values  (ms)  with-
out contralateral  noise  between  the  NMG  and  MG  for  the
right and  left  ear.
P300  latency
without  noise  (ms)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  324.48  305.2  313.64  309.13
Median 325  303  324  307.5
SD 35.98  35.63  46.61  41.25
Minimum  257  254  221  232
Maximum  377  372  385  404
Size 25  30  25  30
p-Value 0.035  0.705
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Table  3  Comparison  between  the  P300  amplitude  (V)
without  contralateral  noise  between  the  NMG  and  the  MG
for the  right  and  left  ears.
P300  amplitude
without  noise  (V)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  10.81 19.93 9.55 18.21
Median  9.46 20.85 9.71 18.10
SD  5.13  9.02  3.55  7.45
Minimum  4.11  4.51  3.67  4.59
Maximum  25.21  39.12  15.11  30.4
Size 25  30  25  30
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p  < 0.001].NMG, group of non-musicians; MG, group of musicians.
alues  were  marked  with  an  asterisk  when  ≤0.05.  Statistical
nalysis  was  performed  using  the  SPSS  software.
esults
able  1  shows  descriptive  statistics  of  the  data  obtained  in
he  comparison  of  the  P300  latency  values  without  noise
etween  the  NMG  and  MG  for  the  right  and  left  ear.
It  was  observed  that  the  mean  P300  latency  without  con-
ralateral  noise  in  the  NMG  was  greater  than  that  observed
n  the  MG.  However,  this  difference  was  only  statistically
igniﬁcant  for  the  right  ear  [F1.53 =  4.67;  p  =  0.035].
Using  the  t-test  for  dependent  samples,  no  statisti-
ally  signiﬁcant  differences  were  observed  in  either  group
n  the  comparison  between  the  left  and  right  ears  for
he  P300  latency  values  without  contralateral  noise  [NMG:
(24)  =  1.052;  p  =  0.30;  MG:  t(29)  =  −0.831;  p  =  0.41].
Table  2  presents  descriptive  statistics  of  the  data
btained  in  the  comparison  between  the  P300  latency  val-
es  with  contralateral  noise  that  were  obtained  by  the  NMG
nd  MG  for  the  right  and  left  ears.
No  statistically  signiﬁcant  differences  were  observed  in
he  comparison  of  the  P300  latency  values  with  contralateral
oise  between  the  NMG  and  the  MG  for  the  right  and  left
ars.
Table  2  Comparison  of  the  P300  latency  values  (ms)
obtained  with  contralateral  noise  between  the  NMG  and  the
MG for  the  right  and  left  ears.
P300  latency  with
noise  (ms)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  320.68  333.00  312.64  330.63
Median 321.00  328.00  312.00  324.50
SD 41.73  35.63  44.27  47.00
Minimum  247.00  272.00  237.00  242.00
Maximum  413.00  408.00  395.00  430.00
Size 25  30  25  30
p-Value  0.243  0.153
NMG, group of non-musicians; MG, group of musicians.
n
tp-Value  <0.001  <0.001
NMG, group of non-musicians; MG, group of musicians.
No  statistically  signiﬁcant  differences  were  observed
etween  the  ears  in  either  group  for  the  P300  latency  val-
es  with  contralateral  noise  [NMG:  t(24)  =  1.100;  p  =  0.28;
G:  t(29)  =  0.425;  p  =  0.67].
Table  3  shows  descriptive  statistics  of  the  data  obtained
n  the  comparison  of  the  P300  amplitude  values  without
ompetitive  noise  between  the  NMG  and  the  MG  for  the  right
nd  left  ears.
Statistically  signiﬁcant  differences  were  observed  when
omparing  the  P300  amplitude  values  between  the  NMG  and
G  for  both  the  right  ear  [F1.53 =  20.06;  p  <  0.001]  and  the
eft  ear  [F1.53 =  28.25;  p  <  0.0001].
No  statistically  signiﬁcant  differences  were  observed  in
ither  group  in  the  comparison  of  the  P300  amplitude  val-
es  between  the  ears  without  contralateral  noise  [NMG:
(24)  =  1.485;  p  =  0.15;  MG:  t(29)  =  1.847;  p  =  0.07].
Table  4  shows  the  comparisons  of  the  NMG  and  MG  with
espect  to  the  results  found  for  the  P300  amplitude  values
ith  contralateral  noise  for  the  right  and  left  ear.
Statistically  signiﬁcant  differences  were  found  in  the
omparison  of  the  P300  amplitude  values  with  contralat-
ral  noise  between  the  NMG  and  the  MG  for  both  the  right
ar  [F1.53 = 27.03;  p  <  0.001]  and  the  left  ear  [F1.53 =  19.902;In  the  comparison  between  the  ears  for  the  NMG,
o  statistically  signiﬁcant  differences  were  observed  in
he  P300  amplitude  values  with  contralateral  noise  [NMG;
Table  4  Comparison  of  the  P300  amplitudes  (V)  with  con-
tralateral  noise  between  the  NMG  and  MG  for  the  right  and
left ears.
P300  amplitude
with  noise  (V)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  9.79  19.62  8.58  16.85
Median 8.04  18.43  6.29  16.48
SD 5.73  7.86  5.60  7.71
Minimum  2.80  7.5  2.81  4.59
Maximum  23.60  39.8  21.22  38.89
Size 25  30  25  30
p-Value  <0.001  <0.001
NMG, group of non-musicians; MG, group of musicians.
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Table  5  Comparison  of  the  P300  latency  suppression  (ms)
between  the  NMG  and  the  MG  for  the  right  and  left  ears.
Latency
suppression  (ms)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  3.80  −27.80  1.00  −21.50
Median  4.00  −24.50  −5.00  −20.50
SD 34.82  29.31  30.67  37.50
Minimum  −72.00  −102.00  −73.00  −125.00
Maximum  84.00  21.00  54.00  44.00
Size 25  30  25  30
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vp-Value  <0.001  0.020
NMG, group of non-musicians; MG, group of musicians.
t(24)  =  1.300;  p  =  0.290].  For  the  MG,  a  statistically  sig-
niﬁcant  difference  was  found  between  the  right  and  left
ears  for  the  P300  amplitude  values  with  contralateral  noise
[t(29)  =  3.357;  p  =  0.002].
Table  5  shows  descriptive  statistics  for  the  comparisons
between  the  NMG  and  the  MG  regarding  the  results  observed
for  the  P300  latency  suppression  values.
Statistically  signiﬁcant  differences  were  found  in  the
comparison  of  the  P300  latency  suppression  between  the
NMG  and  the  MG  for  both  the  right  ear  [F1.53 =  13m35;
p  =  0.001]  and  the  left  ear  [F1.53 =  5.77;  p  =  0.020].
No  statistically  signiﬁcant  differences  in  the  P300  latency
suppression  values  were  observed  in  either  group  in  the
comparison  between  ears  [NMG:  t(24)  =  0.308;  p  =  0.76;  MG:
t(29)  =  0.950;  p  =  0.35].
Table  6  presents  descriptive  statistics  for  the  comparisons
between  the  NMG  and  the  MG  regarding  the  results  observed
for  the  P300  amplitude  suppression  values.
No  statistically  signiﬁcant  differences  were  observed  in
the  comparison  of  the  P300  amplitude  suppression  values
between  the  NMG  and  the  MG  for  the  right  ear  [F1.53 =  0.257;
p  =  0.615]  and  the  left  ear  [F1.53 =  0.08;  p  =  0.779].
Additionally,  no  statistically  signiﬁcant  differences  were
observed  in  the  comparison  between  the  right  and  left
ears  for  the  P300  amplitude  suppression  values  [NMG:
t(24)  =  0.05;  p  =  0.95;  MG:  t(29)  =  −0.814;  p  =  0.42].
In  the  intra-group  comparison,  the  P300  latency  obtained
in  the  absence  and  presence  of  contralateral  noise  was  not
Table  6  Comparison  of  the  P300  amplitude  suppression
(V) between  the  NMG  and  the  MG  for  the  right  and  left
ears.
Amplitude
suppression  (V)
Right  ear  Left  ear
NMG  MG  NMG  MG
Mean  1.02  0.31  0.96  1.35
Median 0.72  0.41  1.92  2.21
SD 4.25  5.82  3.99  5.81
Minimum  −11.76  −11.09  −8.94  −12.42
Maximum  9.40  18.04  6.55  12.64
Size 25  30  25  30
p-Value  0.615  0.779
NMG, group of non-musicians; MG, group of musicians.
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igniﬁcantly  affected  by  the  contralateral  noise  effect  in
he  NMG  for  either  the  right  ear  [F(1,24)  =  1.446;  p  =  0.241]
r  the  left  ear  [F(1,24)  =  1.476;  p  =  0.236].  However,  in
he  MG,  contralateral  noise  signiﬁcantly  affected  the  P300
atency  value,  causing  a  signiﬁcant  increase  in  this  mea-
ure  in  both  ears  [right  ear:  F(1,29)  =  26.97;  p  <  0.001;  left
ar:  F(1,29)  =  9.861;  p  =  0.004].  However,  the  P300  ampli-
ude  value  was  not  signiﬁcantly  affected  by  the  effect  of
ontralateral  noise  in  either  group.
iscussion
his  study  provided  evidence  that:  (1)  the  MG  had  lower
verage  latency  values  and  higher  average  amplitudes  com-
ared  to  NMG  in  P300  without  contralateral  noise.  This
ifference  was  statistically  signiﬁcant  for  amplitude  values
n  both  ears,  but  it  was  signiﬁcant  only  in  the  right  ear
or  latency  values;  (2)  regarding  P300  with  contralateral
oise,  the  MG  also  presented  signiﬁcantly  higher  amplitude
alues  when  compared  with  the  NMG,  although  no  statisti-
ally  signiﬁcant  difference  was  observed  between  the  groups
or  latency  values;  however,  (3)  no  laterality  effect  was
bserved  (difference  between  the  right  and  left  ears)  in  any
f  the  groups;  and  (4)  the  analysis  of  the  noise  effect  on
he  P300  response  (intra-group  analysis)  demonstrated  that
he  latency  values  were  signiﬁcantly  increased  in  the  MG.
evertheless,  this  response  was  not  observed  in  the  NMG.
n  addition,  for  the  amplitude  values,  the  presence  of  noise
id  not  signiﬁcantly  affect  the  response  for  either  group.
ifferences  between  musicians  and  non-musicians
ithout contralateral  stimulation
he  superior  performance  reported  in  the  MG,  evidenced
y  lower  latencies  and  higher  amplitudes,  corroborates  the
ndings  of  other  studies  that  observed  lower  latency  for
EPs  in  musicians  when  compared  with  non-musicians.5,11
lthough  previous  studies  had  veriﬁed  differences  between
usicians  and  non-musicians  in  both  ears,25--27 in  the  present
tudy  no  statistically  signiﬁcant  differences  between  latency
alues  in  left  ear  were  observed.  The  authors  attribute  this
act  to  the  small  sample  and  the  wide  age  range  of  the
articipants.
The  P300  latency  can  be  used  as  a  measure  of  the  speed
f  information  processing  in  an  oddball  paradigm.  Thus,  it
s  suggested  that  the  reduced  latency  observed  in  musicians
ay  be  related  to  the  faster  transmission  and  categoriza-
ion  of  the  stimulus,  as  well  as  the  greater  effectiveness  in
iscriminating  the  target  stimulus,  which  can  be  justiﬁed,
n  this  case,  by  the  musical  stimulation.5
Regarding  the  P300  amplitude  values,  statistically  signif-
cant  differences  were  observed  between  the  NMG  and  the
G  for  both  right  and  left  ears  (Table  3).  This  ﬁnding  is  also
n  agreement  with  the  literature,  as  higher  amplitude  values
n  musicians  reﬂect  more  neural  connections  in  the  auditory
athway  and  suggest  that  musical  training  has  an  effect.3--5
It  can  be  afﬁrmed  that  musicians  have  enhanced  auditory
bilities  compared  with  non-musicians.  Several  authors  have
ssociated  greater  auditory  attentional  capacity  (higher
oncentration  on  the  target  stimulus),  auditory  memory,
nd  the  exceptional  auditory  perception  of  the  musi-
ians  group  with  lower  latency  values  and  higher  response
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mplitudes,28--30 as  these  individuals  exhibit  more  accurate
uditory  information  processing  and  more  effective  involv-
ng  auditory  pitch  discrimination.  Another  possible  cause  of
he  lower  latency  values  observed  in  the  MG  may  be  the  pres-
nce  of  enhanced  neural  generators  in  the  cortex,  whose
apacity  to  evaluate  acoustic  stimuli  is  better  and  faster
han  in  non-musicians.  Therefore,  the  stimulation  analysis
ime  is  shorter  in  this  group,  resulting  in  smaller  latencies.31
The  improvement  in  auditory  processing  in  musically
rained  individuals  probably  modiﬁes  the  cortical  organiza-
ion,  and  those  changes  can  be  extended  to  sub-cortical
ensory  structures.  Such  changes  have  been  observed
hroughout  the  auditory  pathway,  from  the  brain  stem  to
he  cortex.5 Certain  authors  also  report  that  the  brainstem
esponses  of  musicians  are  more  robust,  reﬂecting  along  the
ntire  pathway.  This  greater  robustness  could  be  related  to
eural  responses  that  are  more  synchronized  to  the  onset  of
ound,  which  is  characteristic  of  a  highly  functional  periph-
ral  auditory  system.
How  musicians  perform  on  tasks  that  depend  on  audi-
ory  abilities  motivates  hypotheses  concerning  the  impact
f  music  training  on  brain  mechanisms  that  underlie  audi-
ory  attention  and  working  memory.  During  such  tasks  (e.g.,
hen  subjects  are  instructed  to  listen  for  certain  tar-
et  tones  or  timbres),  musicians  demonstrate  heightened
ecruitment  of  cortical  areas  associated  with  sustained  audi-
ory  attention  and  working  memory,17 such  as  the  superior
arietal  cortex,  as  well  as  more  consistent  activation  of
refrontal  control  regions.32 Indications  that  music  train-
ng  increases  the  contributions  of  the  superior  parietal  and
refrontal  cortices  to  active  auditory  processing  and  their
oles  in  sustaining  auditory  attention  and  working  memory
ay  support  the  hypothesis  that  music  training  tunes  the
rain’s  auditory  cognitive  networks  for  cross-domain  audi-
ory  processing.
ffect  of  contralateral  noise  on  the  responses  of
usicians and  non-musicians
his  study  demonstrated  that  P300  presented  different
ehaviors  in  the  presence  and  absence  of  contralateral
oise,  especially  in  musicians.  The  musician’s  average
atency  for  P300  in  the  presence  of  contralateral  noise  was
igniﬁcantly  later  than  without  the  contralateral  noise.  This
ifference  in  P300  latencies  with  and  without  contralateral
oise  was  not  observed  in  NMG.  In  addition,  for  the  ampli-
ude  values,  the  presence  of  noise  did  not  signiﬁcantly  affect
he  response  for  either  group.
Studies  of  P300  with  masking  noise  also  demonstrated
ncreased  latencies  with  unaffected  amplitudes.33,34 How-
ver,  in  a  recent  study,  Schochat  et  al.22 did  not  observe
ifferences  regarding  P300  latencies  with  and  without  con-
ralateral  noise  in  normal  adults.
No  statistically  signiﬁcant  difference  was  observed
etween  groups  for  P300  latency  values  with  contralateral
oise.  Still,  it  is  possible  to  note  that  MG  latencies  were
ore  affected  by  contralateral  noise  in  comparison  to  NMG,
nce  MG  latencies  were  later  than  NMGs.
However,  for  the  P300  amplitude  values,  the  difference
etween  groups  remained,  and  the  MG  presented  signiﬁ-
antly  higher  amplitude  values  compared  with  the  NMG.
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In  addition,  when  comparing  the  suppression  values
etween  the  groups,  the  musicians  showed  higher  suppres-
ion  values.
These  ﬁndings,  altogether,  may  be  explained  by  the
nhibitory  effect  the  contralateral  noise  has  on  P300
esponses,  more  speciﬁcally,  on  latency  measures,  which
hows  more  vulnerability  to  this  inhibitory  effect.  The
atency  measure  has  been  related  to  the  processing  of  audi-
ory  information  and  to  auditory  discrimination,35 and  this
s  considered  the  most  reliable  measure  in  the  P300  study.
Schochat  el  al.22 observed  the  presence  of  the  inhibitory
ffect  using  a  contralateral  noise  in  both  otoacoustic  emis-
ion  (OAE)  and  the  late  auditory  potential  P300.  Studies
sing  TOAE  have  described  this  inhibitory  effect  as  the
ecrease  of  the  cochlear  response  through  the  activation  of
he  MOC  in  the  presence  of  contralateral  noise.  This  mech-
nism  may  provide  an  anti-masking  effect  that  increases
he  discrimination  of  signal  variation.  In  addition,  it  sup-
lies  a  feedback  gain-control  system  for  moderate  sounds
evels  that  mediates  selective  attention  and  focuses  atten-
ion  during  learning.36,37 Although  the  techniques  used  in
he  present  study  are  different  from  those  aforementioned,
n  general,  the  present  ﬁndings  corroborate  the  inhibitory
ffect  actions,  most  probably  by  efferent  system  activation,
sing  P300.
The  function  of  the  medial  efferent  system  is  complex
nd  still  not  clear,  as  it  involves  different  mechanisms  of
ction  mediated  by  the  medial  and  lateral  olivary  tracts.
owever,  evidence  presented  by  several  studies  has  shown
hat  the  MOCB  plays  an  important  role  in  the  capacity
f  speech  intelligibility  in  noise  conditions.  Recent  studies
sing  cochlear  computer  modeling  and  speech  recognition
ave  shown  that  the  activation  of  the  MOCB  effect  improved
peech  recognition  in  noise  conditions.38 Thus,  MOCB  activ-
ty  in  humans  should  be  of  great  importance  for  both
he  functioning  of  the  peripheral  auditory  system  and  the
mprovement  of  auditory  signal  processing,  especially  for
istening  in  noise  conditions.39 The  efferent  system  also
ontributes  to  the  optimization  of  the  discrimination  of
nteraural  differences  at  high  frequency  signals,  increas-
ng  the  difference  between  the  information  that  reaches
oth  cores  of  the  superior  olivary  complex.  This  impor-
ant  role  of  the  efferent  pathway  has  repercussions  on  the
bility  to  locate  sounds  of  high  frequency  stimuli.  Speech
ignals,  especially  consonants,  are  high  frequency  stimuli,
nd  therefore,  the  integrity  of  the  auditory  system  as  a
hole  is  required  for  verbal  information  to  be  appropriately
rocessed.40
The  authors  also  attribute  the  present  ﬁndings  to  the
ction  of  the  efferent  system.  Tomchik  and  Lu,41 in  a  study  of
nimals’  auditory  system,  suggested  that  ‘‘primary  afferent
eurons  adapt  to  noise,  reducing  their  evoked  ﬁring  rates  in
esponse  to  an  additional  stimulus,  which  may  increase  the
atency  of  responses’’.  They  also  suggested  that  broadband
oise  disrupts  the  phase-locking  of  primary  afferents  to  an
dded  stimulus.
This  line  of  reasoning  leads  to  the  belief  that  the
ffect  of  musical  stimulation  may  constitute  neurophysio-
ogic  evidence  for  the  improvement  of  MOCB  performance,
aximizing  the  functioning  of  the  afferent  and  efferent
athway,  evidenced  by  the  signiﬁcant  inhibitory  effect  found
n  musicians.  In  addition,  it  can  be  deduced  that  musicians
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show  greater  perceptual  auditory  advantages  and  enhanced
speech  processing,  as  well  as  advantages  in  frequency  dis-
crimination  and  temporal  processing.
Another  possible  explanation  for  the  present  ﬁndings  is
related  to  the  corticofugal  modulation  theory  in  humans.
Studies  have  demonstrated  that  electrical  stimulation  in  the
auditory  cortex  may  result  in  amplitude  reduction  of  the
OAE  values  in  the  contralateral  ear.  Other  studies  have  also
suggested  a  top-down  control  of  the  corticofugal  descen-
ding  auditory  pathways  in  the  medial  olivocochlear  efferent
system.42,43 Other  studies,  who  have  failed  to  demonstrate
correlations  between  OAE  amplitude  and  suppression  effect,
also  reinforce  the  hypothesis  that  there  are  other  aspects
inﬂuencing  in  MOC,  such  as  cortical  modulation.26,27
Even  beyond  sub-cortical  and  cortical  functional
enhancements,  musical  training  may  shape  auditory  func-
tion  in  structures  that  are  as  peripheral  as  the  cochlea;
musicians  demonstrate  a  greater  degree  of  efferent  control
over  outer  hair  cell  activity  along  the  basilar  membrane
than  non-musicians.15 Such  comprehensive  perceptual  and
neural  enhancements  may  be  driven,  at  least  in  part,
by  strengthened  cognitive  control  over  basic  auditory
processing,  as  engendered  by  auditory  attention32,44 and
working  memory,17,18 two  auditory  cognitive  skills  that  are
enhanced  in  musicians.
Thus,  it  can  be  stated  that  musical  training  may  be
an  important  tool  for  auditory  training,  prevention,  habili-
tation,  and  reversion  of  a  wide  range  of  auditory  processing
deﬁcits.
Regarding  the  absence  of  the  laterality  effect  in  both
groups  and  both  evaluated  conditions,  the  authors  believe
that  these  results  can  be  explained  by  the  fact  that  both
hemispheres  participate  in  this  cognitive  processing  task.
This  supports  the  view  that  P300  reﬂects  an  integration  of
function  of  various  areas  of  the  brain.
Some  shortcomings  of  this  study  may  have  inﬂuenced
the  results:  absence  of  a  sample  size  calculation,  broad
age  range,  broad  range  of  years  of  formal  music  practice,
the  absence  of  manual  dominance  as  an  inclusion  crite-
rion,  and  the  long  duration  of  the  test.  Nevertheless,  the
authors  believe  that  this  study  presents  promising  results
regarding  the  use  of  new  tolls  to  verify  the  medial  olivo-
cochlear  efferent  system  activity,  as  well  as  new  information
on  this  activity  through  a  LLAEP  in  musicians.  Future  studies
should  take  these  shortcomings  into  consideration.
Conclusion
In  this  study,  evidence  about  cortical  inhibition  effect  was
found  using  an  ERP  (P300)  in  the  presence  and  absence  of
contralateral  noise  condition  in  both  groups.  Besides,  musi-
cians  demonstrated  a  greater  inhibition  effect  in  comparison
with  non-musicians,  evidencing  that  the  central  auditory
nervous  system  of  the  former  presents  characteristic  pecu-
liarities  due  to  the  musical  practice  to  which  they  are
constantly  exposed.Conﬂicts of interest
The  authors  declare  to  have  no  conﬂicts  of  interest.69
eferences
1. Gaser C, Schlaug G. Brain structures differ between musicians
and non-musicians. J Neurosci. 2003;23:9240--5.
2. Ohnish T, Matuda H, Asada T, Aruga M, Hitakata M, Nishikawa M,
et al. Functional anatomy of musical perception in musicians.
Cereb Cortex. 2001;11:754--60.
3. Chermak GD. Music and auditory training. Hear J. 2010;63:4.
4. Eisencraft T, Miranda MF, Schochat E. Comparac¸ão dos poten-
ciais de latência média com ou sem estímulo musical. Braz J
Otorhinolaryngol. 2006;72:465--9.
5. Musacchia G, Sams M, Skoe E, Kraus N. Musicians have enhanced
subcortical auditory and audiovisual processing of speech and
music. Proc Natl Acad Sci U S A. 2007;104:15894--8.
6. Musiek FE, Shinn J, Hare C. Plasticity, auditory training, and
auditory processing disorders. Semin Hear. 2002;23:263--75.
7. McPherson DL. Late potentials of the auditory system. San
Diego: Singular Publishing Group; 1996.
8. Musiek FE, Lee WW. Potenciais auditivos de média e longa latên-
cia. In: Musiek FE, Rintelmann WF, editors. Perspectivas atuais
em avaliac¸ão  auditiva. Trad. Gil D. São Paulo: Manole; 2001. p.
239--67.
9. Schochat E. Resposta da latência média em crianc¸as e adoles-
centes normo-ouvintes. Pró-Fono R Atual Cient. 2003;1:65--74.
0. Kraus N, McGee T. Mismatch negativity in the assessment of cen-
tral auditory function. Short course. Am J Audiol. 1994:39--51.
1. Lopez L, Jürgens R, Volker D, Wolfgang B, Ried S, Grözinger
B, et al. Musicians versus nonmusicians -- a neurophysiological
approach. Ann N Y Acad Sci. 2006;999:124--30.
2. Tervaniemi M, Castaneda A, Knoll M, Uther M. Sound processing
in amateur musicians and nonmusicians: event-related poten-
tial and behavioral indices. Neuroreport. 2006;17:1225--8.
3. Trainor LJ, Shahin A, Roberts LE. Effects of musical train-
ing in the auditory cortex in children. Ann N Y Acad Sci.
2003;999:506--13.
4. Smith DW, Turner DA, Hensen MM. Psychophysical correlates of
contralateral efferent suppression. I. The role of the medial
olivocochlear system in ‘central masking’ in nonhumans pri-
mates. J Acoust Soc Am. 2000;107:933--41.
5. Brashears SM, Morlet TG, Berlin C, Hood LJ. Olivocochlear
efferent suppression in classical musicians. J Am Acad Audiol.
2003;14:314--24.
6. Strait DL, Kraus N, Parbery-Clark A, Ashley R. Musical
experience shapes top-down auditory mechanisms: evidence
from masking and auditory attention performance. Hear Res.
2010;261:22--9.
7. Pallesen KJ, Brattico E, Bailey CJ, Korvenoja A, Koivisto J.
Cognitive control in auditory working memory is enhanced in
musicians. PLoS ONE. 2010;5:e11120.
8. Parbery-Clark A, Strait DL, Anderson S, Hittner E, Kraus N.
Musical experience and the aging auditory system: implications
for cognitive abilities and hearing speech in noise. PLoS ONE.
2011;6:e18082.
9. Krishnamurti S. P300 auditory event-related potentials in bin-
aural and competing noise conditions in adults with central
auditory processing disorders. Contemp Issues Commun Sci Dis-
ord. 2001;28:40--7.
0. Bigand E, Poulin-Charronnat B. Are we ‘experienced listeners’?
A review of the musical capacities that do not depend on formal
musical training. Cognition. 2006;100:100--30.
1. Koelsch S, Jentschke S, Sammler D, Mietchenj D. Untangling syn-
tactic and sensory processing: an ERP study of music perception.
Psychophysiology. 2007;44:476--90.From otoacoustic emission to late auditory potentials P300:
the inhibitory effect. Acta Neurobiol Exp (Wars). 2012;72:
296--308.
72
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
40  
3. Davis H. Audiometry: pure tone and simple speech testes. In:
Davis H, Silverman SR, editors. Hearing and deafness. New York:
Holt, Rinehart and Weston; 1970. p. 179--200.
4. Jasper HA. The ten-twenty electrode system of the Inter-
national Federation. Electroencephalogr Clin Neurophysiol.
1958;10:371--5.
5. Micheyl C, Morlet T, Giraud AL, Collet L, Morgon A. Con-
tralateral suppression of evoked otoacoustic emissions and
detection of a multi-tone complex in noise. Acta Otolaryngol.
1995;14:6992--7007.
6. Perrot X, Micheyl C, Khalfa S, Collet L. Stronger bilateral effer-
ent inﬂuences on cochlear biomechanical activity in musicians
than in non-musicians. Neurosci Lett. 1999;262:167--70.
7. Brashears SM, Morlet TG, Berlin CI, Hood LJ. Olivocochlear
efferent suppression in classical musicians. J Am Acad Audiol.
2003;14:314--24.
8. Weber-Fox C, Leonard LB, Wray AH, Tomblin JB. Electrophys-
iological correlates of rapid auditory and linguistic processing
in adolescents with speciﬁc language impairment. Brain Lang.
2010;115:162--81.
9. Evans JL, Selinger C, Pollak SD. P300 as a measure of processing
capacity in auditory an visual domains in speciﬁc language
impairment. Brain Res. 2011;1389:93--102.
0. Perrot X, Collet L. Function and plasticity of the medial
olivocochlear system in musicians: a review. Hear Res.
2014;308:27--40.
1. Hoeksma MR, Kemmer C, Kenemans JL, van Engeland H. Abnor-
mal selective attention normalizes P3 amplitudes in PDD. J
Autism Dev Disord. 2006;36:643--54.
2. Strait D, Kraus N. Playing music for a smarter ear: cogni-
tive, perceptual and neurobiological evidence. Music Percept.
2011;29:133--46.
3. Polish J, Howard L, Starr A. Aging effects on the P300 component
of the event-related potential from auditory stimuli: peak deﬁ-
nition, variation and measurement. J Gerontol. 1985;40:721--6.
4Rabelo  CM  et  al.
4. Salisbury DF, Shenton ME, Griggs CB, Bonner-Jackson A,
McCarley RW. Mismatch negativity in chronic schizophre-
nia and ﬁrst-episode schizophrenia. Arch Gen Psychiatry.
2002;59:686--94.
5. Picton TW, Hillyard SA. Endogenous event-related potentials. In:
Picton TW, editor. EEG handbook. Amsterdam: Elsevier Science
Publishers; 1988. p. 361--416.
6. Galambos R. Suppression of auditory nerve activity by stim-
ulation of efferent ﬁbers to the cochlea. J Neurophysiol.
1956;19:424--37.
7. Lilaonitkul W, Guinan JJ Jr. Human medial olivocochlear reﬂex:
effects as functions of contralateral, ipsilateral, and bilat-
eral elicitor bandwidths. J Assoc Res Otolaryngol. 2009;10:
459--70.
8. Brown GJ, Ferry RT, Meddis R. A computer model of auditory
efferent suppression: implications for the recognition of speech
in noise. J Acoust Soc Am. 2010;127:943--54.
9. Giraud AL, Garnier S, Micheyl C, Lina G, Chays A, Chéry-Croze
S. Auditory efferents involved in speech-in-noise intelligibility.
Neuroreport. 1997;8:1779--83.
0. Durante AS, Carvallo RMM. Contralateral suppression of
otoacoustic emissions in neonates. Int J Audiol. 2002;41:
211--5.
1. Tomchik SM, Lu Z. Modulation of auditory signal-to-noise ratios
by efferent stimulation. J Neurophysiol. 2006;95:3562--70.
2. Bajo VM, Nodal FR, Moore DR, King AJ. The descending
corticocollicular pathway mediates learning-induced auditory
plasticity. Nat Neurosci. 2010;13:253--60.
3. Harkrider AW,  Bower CD. Evidence for a cortically mediated
release from inhibition in the human cochlea. J Am Acad Audiol.
2009;20:208--15.4. Tervaniemi M, Kruck S, Baene WD, Schröger E, Alter K, Friederici
AD. Top-down modulation of auditory processing: effects of
sound context, musical expertise and attentional focus. Eur J
Neurosci. 2009;30:1636--42.
